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(57) ABSTRACT 

A method of storing data in a ferroelectric memory device is 
capable of dealing With a program request during a read 
cycle or a change in program data during a program cycle. 
In this data storage method, the program cycle or the read 
cycle is performed for selected memory cells selected from 
among a plurality of memory cells, and each of the program 
cycle or the read cycle includes a period for Writing data “0” 
and a period for Writing data “1” into the selected memory 
cells. When a program request occurs in the period for 
Writing the data “0” (read period) in the read cycle, the data 
“1” is Written into the selected memory cells according to 
program data designated by the program request. 

12 Claims, 14 Drawing Sheets 
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METHOD OF STORING DATA IN 
FERROELECTRIC MEMORY DEVICE 

Japanese Patent Application No. 2003-106237, ?led on 
Apr. 10, 2003, is hereby incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates to a ferroelectric memory 
device. More particularly, the present invention relates to an 
improvement for processing the latest command When a 
Write (program) and/or read command competes Within a 
given period of time. 
A cross-point type ferroelectric memory device in Which 

only one ferroelectric capacitor is disposed in one memory 
cell has a program cycle and a read cycle of the same type 
as other memory devices such as an SRAM or DRAM. 

In the SRAM or DRAM, neW program data can be Written 
in the middle of Writing the program data. In the case Where 
a program request occurs in the middle of the read cycle, the 
read cycle can be immediately changed to the program 
cycle. 

The cross-point type ferroelectric memory device stores 
data by using hysteresis characteristics of the ferroelectric 
capacitor, differing from the SRAM or DRAM. Therefore, 
each of the program cycle and the read cycle includes a data 
“0” Write period and data “1”Write period, and substantially 
includes tWo steps (details are described later). Therefore, 
the cross-point type ferroelectric memory device may be 
synchronous in Which a request or a change in program data 
is not accepted after the address of the selected memory cell 
has been designated and the program cycle or the read cycle 
has started. 

In the synchronous ferroelectric memory device, a change 
to the program cycle is not accepted in the middle of the read 
cycle, and a change in program data is not accepted in the 
middle of the program cycle. 

HoWever, if only the cross-point type ferroelectric 
memory device is synchronous, the speci?cation completely 
differs from that of the SRAM or DRAM. This causes 
inconvenience to the user. 

BRIEF SUMMARY OF THE INVENTION 

In vieW of the special characteristics of the program cycle 
and the read cycle of the cross-point type ferroelectric 
memory device, the present invention may provide a method 
of storing data in a ferroelectric memory device Which 
enables data storage based on the latest program request or 
program data even if the request or program data for the 
selected memory cell is changed. 

One aspect of the present invention relates to a method of 
storing data in a ferroelectric memory device Which includes 
a plurality of Wordlines, a plurality of bitlines Which inter 
sect the plurality of Wordlines, and a plurality of memory 
cells, each of the memory cells being provided at an inter 
secting point of one of the Wordlines and one of the bitlines 
and including a ferroelectric capacitor to Which voltage 
betWeen one of the Wordlines and one of the bitlines that 
intersect each other is directly applied, the method includ 
ing: 

performing a program cycle or a read cycle for a plurality 
of selected memory cells selected from among the plurality 
of memory cells, each of the program cycle and the read 
cycle including a ?rst period for Writing ?rst data into the 
selected memory cells and a second period for Writing 
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2 
second data into the selected memory cells, and the second 
period being set after the ?rst period; and 

Writing the second data into the selected memory cells 
according to program data designated by the program 
request, When a program request occurs in the ?rst period in 
the read cycle. 

If the ?rst data is data “0”, the second data is data “1”. The 
read cycle includes tWo steps consisting of a read step as the 
?rst step and a reWrite step as the latter step. In the read step, 
the ?rst data is Written into all of the selected memory cells, 
Whereby data is read from the selected memory cells. In the 
reWrite step, the second data is Written into the selected 
memory cell that stores the second data before the read step. 
The program request can be accepted in the read cycle if it 
is before the reWrite step substantially starts. This is because 
a period for the reWrite step can be changed to the second 
period in the program cycle if the program request is 
accepted before the reWrite step substantially starts. In this 
case, the ?rst data is Written into the selected memory cell 
that is to store the second, data according to the program data 
designated by the program request accepted instead of 
performing the reWrite step. 

Since the read period substitutes for the ?rst period in the 
program cycle, it is unnecessary to perform a Write operation 
of the ?rst data. This is because the ?rst data is Written into 
all of the selected memory cells in the read period in the read 
cycle in the same manner as in the ?rst period in the program 
cycle. 
When the program request occurs in the second period in 

the read cycle, the second data may be reWritten into a 
memory cell that stores the second data among the selected 
memory cells Without accepting the program request. 
The program data may be input before the second period 

starts. It should be noted that the program data may be input 
before the Wordlines or the bitlines connected With the 
selected memory cells reach a select voltage in the second 
period. This is because the second data is not Written until 
the Wordline or the bitline rises to the select voltage. 
The second period may start after the program data has 

been input Without limiting the input period of the program 
data. 

In this case, the memory cells may be set in a standby 
state, in Which the voltage is not applied to the memory cells, 
during a period until the program data is input after the ?rst 
period has ?nished. This aims at preventing deterioration of 
data caused by a disturbance voltage applied to the memory 
cells While Waiting for data input. 
With this aspect, the program request may be accepted in 

the second period in the read cycle. In this case, the read 
cycle may be terminated before an entire part of the read 
cycle has completed and the program cycle starts according 
to the program request. This is because the ?rst data Written 
into all of the selected memory cells in the ?rst period (read 
period) in the read cycle is not held if the second period in 
the read cycle has started. 

Another aspect of the present invention relates to a 
method of storing data in a ferroelectric memory device 
having the above-described con?guration, the method 
including: 

performing a program cycle or a read cycle for a plurality 
of selected memory cells selected from among the plurality 
of memory cells, each of the program cycle and the read 
cycle including a ?rst period for Writing ?rst data into the 
selected memory cells and a second period for Writing 
second data into the selected memory cells, and the second 
period being set after the ?rst period; and 
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Writing the ?rst data into all of the memory cells irre 
spective of presence or absence of program data in the ?rst 
period in the program cycle, and Writing the second data into 
a memory cell designated by the program data from among 
the plurality of selected memory cells When the program 
data is input in the ?rst period in the program cycle. 

If the ?rst data is data “0”, the second data is data “1”. The 
program cycle started according to the program request 
includes tWo steps consisting of a Write “0” step as the ?rst 
step and a Write “1” step as the latter step. In the Write “0” 
step, the ?rst data (data “0”) is Written into all of the selected 
memory cells in the same manner as in the read step in the 
read cycle. In the Write “1” step, data “1” is Written into the 
selected memory cell that is to store data “1”, according to 
the program data. 

The program data can be accepted in the program cycle if 
it is before the second period substantially starts. This is 
because the program data is unnecessary in the ?rst period 
since the ?rst data is Written into all of the selected memory 
cells. If the program data exists before the second period 
substantially starts, the second data can be Written according 
to the program data. 

Even if the program data is changed in the ?rst period, it 
is unnecessary to repeatedly perform a Write operation of the 
?rst data in the program cycle. This is because the ?rst data 
is Written into all of the selected memory cells in the ?rst 
period irrespective of the content of the program data. 

With this aspect, When a change request for neW program 
data occurs in a period other than the ?rst period, the change 
request may not be accepted. This is because the second 
period cannot be started at predetermined timing if the 
change request is accepted. When the program data is input 
or the change request for neW program data occurs before 
the Wordlines or the bitlines connected With the selected 
memory cells reach a select voltage in the second period, the 
Write operation of the second data may be performed accord 
ing to the latest program data. This is because the Write 
operation of the second data is performed after the Wordlines 
or the bitlines connected With the selected memory cells 
have reached the select voltage in the second period. 

Alternately, the second period in the program cycle may 
start after the program data has been input. In this case, the 
memory cells are preferably set in a standby state in Which 
the voltage is not applied to the memory cells until the 
program data is input after the ?rst period has ?nished. This 
aims at preventing deterioration of data When Waiting for 
input of the program data as described above. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a schematic diagram of a ferroelectric memory 
cell array according to an embodiment of the present inven 
tion. 

FIG. 2 shoWs hysteresis curve of applied-voltage and 
polariZation of a ferroelectric capacitor. 

FIG. 3 illustrates that each of a program cycle and a read 
cycle includes a data “0” Write period and a data “1” Write 
period. 

FIG. 4 shoWs an applied voltage in a data “0” Write period 
and a data “1” Write period in a program cycle. 

FIG. 5 shoWs an applied voltage in a data “0” Write period 
used instead of the ?rst period in FIG. 4 in this embodiment 
of the present invention. 

FIG. 6 shoWs an applied voltage in a data “0” Write period 
and a data “1” Write period in a read cycle. 
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4 
FIG. 7 is a block diagram shoWing an example of a 

ferroelectric memory device to Which a data storage method 
of the present invention is applied. 

FIG. 8 is a block diagram of a memory control circuit 
shoWn in FIG. 7. 

FIG. 9 is a ?oWchart shoWing a ?rst data storage method 
according to an embodiment of the present invention. 

FIG. 10 shoWs a ?rst example of this embodiment realiZed 
by the ?oWchart shoWn in FIG. 9. 

FIG. 11 shoWs a second example of this embodiment 
realiZed by the ?oWchart shoWn in FIG. 9. 

FIG. 12 shoWs a third example of this embodiment 
realiZed by the ?oWchart shoWn in FIG. 9. 

FIG. 13 shoWs a fourth example of this embodiment 
realiZed by the ?oWchart shoWn in FIG. 9. 

FIG. 14 shoWs a ?fth example of this embodiment real 
iZed by the ?oWchart shoWn in FIG. 9. 

FIG. 15 is a ?oWchart shoWing a second data storage 
method according to an embodiment of the present inven 
tion. 

FIG. 16 shoWs an additional ?rst example of this embodi 
ment realiZed by the ?oWchart shoWn in FIG. 15. 

FIG. 17 shoWs an additional second example of this 
embodiment realiZed by the ?oWchart shoWn in FIG. 15. 

FIG. 18 is a ?oWchart shoWing a third data storage 
method according to an embodiment of the present inven 
tion. 

FIG. 19 shoWs an additional ?rst example of this embodi 
ment realiZed by the ?oWchart shoWn in FIG. 18. 

FIG. 20 is a ?oWchart shoWing a fourth data storage 
method according to an embodiment of the present inven 
tion. 

FIG. 21 shoWs an additional ?rst example of this embodi 
ment realiZed by the ?oWchart shoWn in FIG. 20. 

DETAILED DESCRIPTION OF THE 
EMBODIMENT 

An embodiment of the present invention is described 
beloW With reference to the draWings. 
1. Ferroelectric Memory Cell 

FIG. 1 is a schematic explanatory diagram of a memory 
cell array of a ferroelectric memory device according to this 
embodiment. FIG. 1 shoWs a memory cell array 10 of a 
cross-point type ferroelectric memory device. The memory 
cell array 10 includes a plurality of Wordlines 20 (WL) 
extending along a ?rst direction such as a roW direction, and 
a plurality of bitlines 30 (BL) extending along a second 
direction such as a column direction Which intersects the 
?rst direction. At least either the Wordline 20 or the bitline 
30 may be strati?ed, and a main-Wordline and a sub 
Wordline or a main-bitline and a sub-bitline may be pro 
vided. 
A ferroelectric capacitor 50, to Which the voltage betWeen 

the Wordline 20 and the bitline 30 is directly applied, is 
formed at each intersecting point of the Wordlines 20 and the 
bitlines 30. One ferroelectric capacitor 50 forms a 1-bit 
memory cell. 
2. Description of General Operation 

This ferroelectric memory device is a memory device 
Which utiliZes tWo polariZation states Which appear in the 
hysteresis curve of the ferroelectric capacitor 50 as one bit. 
The hysteresis curve is described beloW. FIG. 2 shoWs the 

correlation betWeen the voltage applied to the ferroelectric 
capacitor 50 and the polariZation of the ferroelectric. The 
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vertical axis P in FIG. 2 indicates the polarization of the 
ferroelectric capacitor 50, and the horizontal axis V indicates 
the voltage applied to the ferroelectric capacitor 50. The 
curve in FIG. 2 shoWs characteristics in Which the polariza 
tion state of the ferroelectric capacitor 50 cycles correspond 
ing to the change in the voltage applied to the ferroelectric 
capacitor 50. When a select voltage Vs is applied to the 
ferroelectric capacitor 50 in a state at a point B (memory 
state of logical value “0”) or in a state at a point D (memory 
state of logical value “1”), the polarization state transitions 
to a point A (reading of logical value “0” or “1”). When the 
applied voltage is changed to 0 V, the polarization state 
transitions to the point B. Speci?cally, the polarization state 
Which is originally at the point D also transitions to the point 
B through the point A. When the select voltage —Vs is 
applied to the ferroelectric capacitor 50, the polarization 
state transitions to a point C (Writing of logical value “1”). 
When the applied voltage is then changed to 0 V, the 
polarization state transitions to the point D (memory state of 
logical value “1”). 
An unselected voltage :Vs/3 used in a 1/3 bias method is 

applied to the ferroelectric capacitor 50 in the polarization 
state at the point B or D, for example. When the applied 
voltage is then changed to 0 V, the polarization state returns 
to the original point B or D. This shoWs that the memory 
state is maintained even if the unselected voltage :Vs/3 is 
applied to the unselected ferroelectric capacitor 50 When one 
ferroelectric capacitor 50 is selected. 
As described With reference to FIG. 2, the positive and 

negative polarization directions of the ferroelectric capacitor 
50 may be respectively considered as 1-bit logical values 
“0” and “1”. In the present speci?cation, the polarization at 
the point B in FIG. 2 is considered as the logical value “0”, 
and the polarization at the point D in FIG. 2 is considered as 
the logical value “1”. HoWever, the de?nition may be the 
reverse of the above de?nition. The voltage Vs is applied to 
the ferroelectric capacitor 50 When storing the logical value 
“0” (data “0” Write operation), and the voltage —Vs is 
applied to the ferroelectric capacitor 50 When storing the 
logical value “1” (data “1” Write operation). 

The data program (Write) cycle and the data read cycle of 
the ferroelectric memory device are described beloW With 
reference to FIGS. 3 to 6. 
As shoWn in FIG. 3, the program cycle requires the data 

“0” Write operation (Write “0”) and the data “1” Write 
operation (Write “1”). Since the voltage application direction 
must be reversed betWeen the data “0” Write period and the 
data “1” Write period from the vieWpoint of characteristics 
of the ferroelectric capacitor 50, the step of Writing data “0” 
and the step of Writing data “1” are necessary. 
As shoWn in FIGS. 3 and 4, in the data “0” Write period 

in the ?rst half of the program cycle, 0 V is applied to the 
selected bitline connected With the ferroelectric capacitor in 
Which data “0” should be Written (selected memory cell), 
and Vs (poWer supply voltage Vcc, for example) is applied 
to the selected Wordline. The polarization state is moved 
from the point B or D to the point A in FIG. 2 by applying 
+Vs to the selected memory cell, Whereby data “0” is Written 
into the selected memory cell. 2/3 Vs is applied to the 
unselected bitlines connected With the unselected memory 
cells, and 1/3 Vs is applied to the unselected Wordlines. 
Therefore, 1% Vs is applied to the unselected memory cells, 
Whereby the memory state is maintained. 

In the data “1” Write period in the latter half of the 
program cycle, Vs (poWer supply voltage Vcc, for example) 
is applied to the selected bitline connected With the ferro 
electric capacitor in Which data “1” should be Written 

10 

15 

25 

35 

40 

45 

55 

65 

6 
(selected memory cell), and 0 V is applied to the selected 
Wordline. The polarization state is moved from the point B 
or D to the point C in FIG. 2 by applying —Vs to the selected 
memory cell in this manner, Whereby data “1” is Written into 
the selected memory cell. 1/3 Vs is applied to the unselected 
bitlines connected With the unselected memory cells, and 2/3 
Vs is applied to the unselected Wordlines. Therefore, 1% Vs 
is applied to the unselected memory cells, Whereby the 
memory state is maintained. 

In this embodiment, an operation in the data “0” Write 
period shoWn in FIG. 5 is employed instead of the operation 
in the data “0” Write period shoWn in FIG. 4. In FIG. 5, data 
“0” is Written into all of the selected memory cells. The data 
“1” Write period after the data “0” Write period is the same 
as the operation in the latter period in FIG. 4. Data “0” is 
stored in the selected memory cell in Which data “0” is 
Written in the data “0” Write period in FIG. 5 and in Which 
data “1” is not Written in the latter period in FIG. 4. 
Therefore, if only the ?rst period in FIG. 4 is changed to the 
data “0” Write period in FIG. 5, the memory state of all of 
the selected memory cells is the same as the memory state 
in the case Where both the ?rst period and the latter period 
in FIG. 4 are performed. 
The address information of the selected memory cell in 

Which data “1” should be stored is unnecessary during the 
data “0” Write period by employing the operation in the data 
“0” Write period in FIG. 5. This means that the address 
information of the selected memory cell in Which data “1” 
should be stored can be changed during the data “0” Write 
period in the program cycle. This is the premise by Which an 
asynchronous ferroelectric memory device is realized. 

Since this ferroelectric memory device is a destructive 
read type, a reWrite operation is necessary after the read 
operation. Therefore, the read cycle requires tWo steps 
consisting of the read step and the reWrite step, as shoWn in 
FIG. 3. In the read step in the ?rst half of the read cycle in 
FIGS. 3 and 6, the voltage Vs is applied in the same 
application direction as in the data “0” Write operation. This 
causes the polarization of the ferroelectric capacitor to move 
from the point B or D to the point A in FIG. 2, Whereby the 
state retained in the selected memory cell is read based on 
the amount of charge in the ferroelectric capacitor 50. In the 
reWrite step in the latter half of the read cycle, data “1” is 
reWritten into only the cell Which has originally stored data 
“1” by applying the select voltage —Vs. 
As described above, the data “0” Write operation and the 

data “1” Write operation are performed in each of the read 
cycle and the program cycle. 
3. Ferroelectric Memory Device 

FIG. 7 shoWs a ferroelectric memory device including the 
ferroelectric memory cell array 10 shoWn in FIG. 1. In FIG. 
7, an X (?rst) decoder 100 and a Y (second) decoder 110 for 
driving the ferroelectric memory cell array 10 are provided. 
The X decoder 100 drives the Wordlines 20 shoWn in FIG. 
1, and the Y decoder 110 drives the bitlines 30 shoWn in FIG. 
1. Data read from or Written into the ferroelectric memory 
cell array 10 through the Y decoder 110 is input or output 
through an input-output circuit 120 and I/O terminals 130. 

In FIG. 7, a chip select signal /CS, a Write enable signal 
/W E, and an output enable signal /OE are illustrated as 
command signals. The program cycle or the read cycle is 
performed on condition that the chip select signal /CS is 
active. The Write enable signal /W E is enabled for a program 
request, and disabled for a read request. If the output enable 
signal /OE is active, data read from the memory cell in the 
read cycle is output to the outside. A chip enable signal /CE 
may be used instead of the chip select signal /CS. As shoWn 
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in FIG. 8, the command signals are decoded by using a 
command decoder 150 in a memory control section 140, and 
the content of the request is output to a control circuit 160 
from the command decoder 150. 

Apredecoder 170 shoWn in FIG. 7 predecodes an address 
signal. The predecoded information is used to select or 
unselect the Wordline and the bitline in the X and Y decoders 
100 and 110. 
A poWer supply circuit 180 shoWn in FIG. 7 generates 

various voltages described With reference to FIGS. 3 to 6 
(Vs, 2/3 Vs, 1/3 Vs, and 0, for example), and supplies the 
voltages to the X and Y decoders 100 and 110. 

The memory control operation of the control circuit 160 
shoWn in FIG. 8 is described beloW. In this embodiment, the 
control circuit 160 is programmed in advance so that one of 
the folloWing control operations is performed. 
4. First Data Storage Method 

The ?rst data storage method may be performed accord 
ing to a ?oWchart shoWn in FIG. 9. FIGS. 10 to 14 shoW 
embodiments Which can be realiZed according to the ?oW 
chart shoWn in FIG. 9. Each embodiment is described beloW. 
As shoWn in FIG. 10, When a program request (PR) occurs 

in the reWrite period (RW: data “1” Write period) in the latter 
half of the read cycle performed based on a read request 
(RR), the program request (PR) is not accepted. Instead of 
accepting the program request (PR), data “1” is reWritten 
into the selected memory cell Which has stored data “1”. As 
shoWn in FIG. 11, When the program request (PR) occurs in 
the read period (R: data “0” Write period) in the read cycle, 
data “1” is Written as shoWn in the latter period in FIG. 4 
according to program data (PD). In FIG. 11, the program 
data (PD) may be input any time before the data “1” Write 
period (W1) starts. As shoWn in FIG. 12, the period in Which 
the program data (PD) is input may be eXtended to a time T 
at Which the bitline 30 connected With the selected memory 
cell reaches the select voltage in the data “1” Write period 
(W1), differing from FIG. 11. This is because the data “1” 
Write operation substantially starts after the bitline 30 has 
risen to the select voltage. 

The ?rst data storage method may also be applied to the 
program cycle, as shoWn in FIG. 13 or 14. As shoWn in FIG. 
13, When a change request for neW program data (PD) 
occurs in a period other than the data “0” reWrite period 
(W0) in the program cycle performed based on the program 
request (PR), the change request is not accepted. In other 
Words, When the program data (PD) is input or the change 
request for neW program data (PD) occurs in the data “0” 
Write period (W0) in the program cycle, the data “1” Write 
operation can be performed according to the latest program 
data (PD). This is described above With reference to FIG. 5. 
In FIG. 5, data “0” is Written into all of the selected memory 
cells in the data “0” Write period (W0) in the program cycle. 
Therefore, it suffices that the program data (PD) be deter 
mined before the data “1” Write period (W1) starts. In other 
Words, data “1” can be Written as shoWn in the latter period 
in FIG. 4 according to the latest program data (PD) imme 
diately before the data “1” Write period (W1) starts. 
As shoWn in FIG. 14, the period in Which the program 

data (PD) is input may be eXtended to a time T at Which the 
bitline 30 connected With the selected memory cell reaches 
the select voltage in the data “1”Write period (W1), differing 
from FIG. 13. This is because the data “1” Write operation 
substantially starts after the bitline 30 has risen to the select 
voltage, as described above. 

The program data (PD) may be data input to the I/O 
terminal 130 shoWn in FIG. 7, or may be data input to other 
data input terminal. In the case Where the data output timing 
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8 
is close to the data input timing, data output may be forced 
to terminate by using the output enable signal /OE or the 
Write enable signal /WE. 

The ?oWchart shoWn in FIG. 9 is described beloW based 
on the embodiments shoWn in FIGS. 10 to 14. The control 
circuit 160 shoWn in FIG. 8 includes a ?ag storage section 
(not shoWn). First, a ?ag is set at “0” (step 1). If it is judged 
that the read request has occurred in a step 2, the read cycle 
starts (step 3). Whether or not the program request (PR) has 
been input before the read period (R) ?nished is judged 
(steps 4 and 5). If it is judged that the program request (PR) 
has occurred in the step 4, the ?ag is set at “1” (step 6). 

If it is judged that the read period (R) has ?nished in the 
step 5, the operation transitions to the reWrite period (RR) 
(step 8) only in the case Where the ?ag is not “1” in a step 

The presence or absence of occurrence of the program 

request (PR) is not judged in the reWrite period Therefore, When the program request (PR) occurs in the 

reWrite period (RW: data “1” Write period) in the latter half 
of the read cycle performed based on the read request (RR), 
the program request (PR) is not accepted as shoWn in FIG. 
10 by performing the steps 1 to 8. 

If the judgment in the step 7 is YES, the program request 
(PR) has occurred in the read period (R) in the read cycle, 
as shoWn in FIG. 11 or 12. In this case, data “1” is Written 
as shoWn in the latter period in FIG. 4 according to the 
program data (PD) (step 10). The program data (PD) may be 
accepted in the period shoWn in FIG. 11 or 12. This alloWs 
the program request (PR) to be accepted in the middle of the 
read cycle. In this case, data “0” is Written into all of the 
selected memory cells in the ?rst half of the read cycle, and 
the latter half becomes the data “1” Write period (W1) in the 
program cycle. 

If it is judged that the program request has occurred in the 
step 2 in FIG. 9, the data “0” Write period (W0) and the data 
“1” Write period (W1) in the program cycle are respectively 
set in the steps 9 and 10. 
5. Second Data Storage Method 
The second data storage method may be realiZed accord 

ing to a ?oWchart shoWn in FIG. 15. FIG. 15 differs from 
FIG. 9 in that steps 11 and 12 are added betWeen the steps 
9 and 10 in FIG. 9. In the step 11, it isjudged Whether or not 
the program data (PD) has been input before the data “1” 
Write period (W1) in the step 10. If the judgment in the step 
11 is NO, all of the memory cells are set in the standby state. 
In the standby state, the voltage applied to all of the memory 
cells is set at 0 V. 

Since the ?oWchart shoWn in FIG. 15 includes all the 
steps shoWn in FIG. 9, data storage can be performed in all 
of the embodiments shoWn in FIGS. 10 to 14. HoWever, the 
?oWchart shoWn in FIG. 15 is not limited to the embodi 
ments in Which the input delay of the program data (PD) is 
limited as shoWn in FIGS. 13 and 14. The ?oWchart shoWn 
in FIG. 15 also enables data storage in embodiments shoWn 
in FIGS. 16 and 17. 

FIG. 16 shoWs an embodiment in the case Where the 
judgment in the step 7 in FIG. 15 is YES. This means that 
the program request (PR) has occurred in the read period (R) 
in the read cycle, as shoWn in FIG. 11, 12, or 16. If the 
judgment in the step 11 in FIG. 15 is YES, data “1” is Written 
as shoWn in the latter period in FIG. 4 according to the 
program data (PD). The embodiment in this case is the same 
as the embodiment shoWn in FIG. 11 or 12. 

If the judgment in the step 11 in FIG. 15 is NO, the step 
10 cannot be performed since the program data (PD) does 
not eXist. Therefore, the operation Waits for input of the 
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program data (PD). All of the memory cells are set in the 
standby state (S) in the step 12 in FIG. 15 during the Wait 
period. In the standby state (S), the voltage applied to all of 
the memory cells is set at 0 V. Therefore, since a disturbance 
voltage is not applied to the ferroelectric capacitors 50, a 
decrease in data read margin or destruction of data does not 
occur. If the memory cells are not set in the standby state, the 
unselected voltage 1/3 Vs is continuously applied to the 
unselected memory cells, Whereby the polariZation of the 
ferroelectric capacitors 50 deteriorates and the data read 
margin decreases. In the Worst case, data is destroyed (data 
“0” and “1” cannot be distinguished). 

The above-described operation is also performed in the 
case Where it is judged that the program request has occurred 
in the step 2 in FIG. 15, and the operation transitions to the 
program cycle in the step 9. In this case, the standby state (S) 
is set betWeen the data “0” Write period (W0) and the data 
“1” Write period (W1), as shoWn in FIG. 17. 
6. Third Data Storage Method 

The third data storage method may be performed accord 
ing to a ?oWchart shoWn in FIG. 18. FIG. 18 differs from 
FIG. 9 in that the step 6 in FIG. 9 is divided into steps 6-1 
and 6-2 in FIG. 18 and the step 9 in FIG. 9 is divided into 
steps 9-1 and 9-2 in FIG. 18. The steps 9-1 and 9-2 may each 
be replaced by the other. The step 6-1 in FIG. 18 is the same 
as the step 6 in FIG. 9, and the step 9-2 in FIG. 18 is the same 
as the step 9 in FIG. 9. The start of data input is made de?nite 
in the steps 6-2 and 9-1 in FIG. 18. 

HoWever, the above difference is not substantial. FIG. 9 
may include the steps 6-2 and 9-1 in FIG. 18. Therefore, the 
?oWchart in FIG. 18 substantially involves the ?oWchart in 
FIG. 9. In the ?oWchart in FIG. 18, embodiments the same 
as the embodiments shoWn in FIGS. 10 to 14 can be realiZed. 
HoWever, in the ?oWchart in FIG. 18, the period in Which the 
program request (PR) is accepted in the read cycle is not 
limited to the read period (R), differing from FIGS. 11 and 
12. The program request (PR) can be accepted any time 
during the read cycle. 

FIG. 18 substantially differs from FIG. 9 in that the step 
8 in FIG. 9 is replaced by steps 8-1 to 8-4 shoWn in FIG. 18. 
In the ?oWchart in FIG. 18, Whether or not the program 
request has occurred is judged (step 8-2) betWeen start of the 
reWrite period (RW) (step 8-1) and ?nish of the reWrite 
period (RW) (step 8-3). If the program request is accepted in 
the step 8-2, the reWrite period (RW) is immediately termi 
nated (step 8-4). The program cycle is then started from the 
beginning (steps 9-1 to 10). This embodiment is shoWn in 
FIG. 19. In FIG. 19, the period in Which the program data 
(PD) is input is eXtended to a time T at Which the bitline 30 
connected With the selected memory cell reaches the select 
voltage in the data “1” Write period HoWever, the 
period in Which the program data (PD) is input may be 
limited to timing at Which the data “0” Write period (W0) 
?nishes. 

According to the third data storage method, the program 
request can be accepted any time during the read cycle. 
7. Fourth Data Storage Method 

The fourth data storage method is shoWn in FIG. 20, in 
Which a part of the ?oWchart in FIG. 18 is changed accord 
ing to FIG. 15. The ?oWchart in FIG. 20 includes the steps 
6, 9, 11, and 12 in the same manner as in FIG. 15. FIG. 20 
includes the steps 8-1 to 8-4 in the same manner as in FIG. 
18. 

The ?oWchart in FIG. 20 realiZes the embodiment shoWn 
in FIG. 19. HoWever, the input delay of the program data is 
not limited differing from FIG. 19. An embodiment shoWn 
in FIG. 21 is realiZed by the ?oWchart in FIG. 20 as 
described With reference to FIG. 15. 

The present invention is not limited to the above 
described embodiments. Various modi?cations and varia 
tions are possible Within the spirit and scope of the present 
invention. 
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10 
The program data may be captured at timing at Which the 

Write enable signal /W E is enabled and the program request 
occurs, or at timing at Which the Write enable signal /WE is 
disabled. 

What is claimed is: 
1. A method of storing data in a ferroelectric memory 

device Which includes a plurality of Wordlines, a plurality of 
bitlines Which intersect the plurality of Wordlines, and a 
plurality of memory cells, each of the memory cells being 
provided at an intersecting point of one of the Wordlines and 
one of the bitlines and including a ferroelectric capacitor to 
Which voltage betWeen one of the Wordlines and one of the 
bitlines that intersect each other is directly applied, the 
method comprising: 

performing a program cycle or a read cycle for a plurality 
of selected memory cells selected from among the 
plurality of memory cells, each of the program cycle 
and the read cycle including a ?rst period for Writing 
?rst data into the selected memory cells and a second 
period for Writing second data into the selected memory 
cells, and the second period being set after the ?rst 
period; and 

Writing the second data into the selected memory cells 
according to program data designated by the program 
request, When a program request occurs in the ?rst 
period in the read cycle. 

2. The method of storing data in a ferroelectric memory 
device as de?ned in claim 1, 

Wherein, When the program request occurs in the second 
period in the read cycle, the second data is reWritten 
into a memory cell that stores the second data among 
the selected memory cells Without accepting the pro 
gram request. 

3. The method of storing data in a ferroelectric memory 
device as de?ned in claim 1, 

Wherein the program data is input before the second 
period starts. 

4. The method of storing data in a ferroelectric memory 
device as de?ned in claim 1, 

Wherein the program data is input before the Wordlines or 
the bitlines connected With the selected memory cells 
reach a select voltage in the second period. 

5. The method of storing data in a ferroelectric memory 
device as de?ned in claim 1, 

Wherein the second period starts after the program data 
has been input. 

6. The method of storing data in a ferroelectric memory 
device as de?ned in claim 5, 

Wherein the memory cells are set in a standby state, in 
Which the voltage is not applied to the memory cells, 
during a period until the program data is input after the 
?rst period has ?nished. 

7. The method of storing data in a ferroelectric memory 
device as de?ned in claim 1, 

Wherein, When the program request occurs in the second 
period in the read cycle, the read cycle is terminated 
before an entire part of the read cycle has completed 
and the program cycle starts according to the program 
request. 

8. A method of storing data in a ferroelectric memory 
device Which includes a plurality of Wordlines, a plurality of 
bitlines Which intersect the plurality of Wordlines, and a 
plurality of memory cells, each of the memory cells being 
provided at an intersecting point of one of the Wordlines and 
one of the bitlines and including a ferroelectric capacitor to 
Which voltage betWeen one of the Wordlines and one of the 




